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Description 

Technical Held 

[0001] This invention relates to a vehicle body struc- 5 
ture which absorbs an impact force exerted when vehi- 
cles collide in driving directions, and which cushions the 
impact force imposed on a passenger compartment. 
The vehicle body structure is preferred for use in a ve- 
hicle having a passenger compartment, or an automo- 10 
bile having a driver seat. 

Background Art 

[0002] Various track type medium duty traffic systems fs 
called new traffic systems are new technologies which 
generally combine railway technologies on, for exam- 
ple, electric motors, power collection, and vehicle bod- 
ies, with automobile technologies concerned with driv- 
ing of rubberwrteels, and which further incorporate com- 20 
puterized control. A technique, called a rubber-tired new 
traffic vehicle, uses steerable rubber running wheels 
mounted on a box-shaped vehicle body, makes these 
running wheels drivable by an electric motor, and in- 
volves dedicated tracks and electric-car lines. Thus, the 25 
vehicle can travel along the tracks by the running wheels 
rotation ally driven by the electric motor, whilethe electric 
motor is receiving supply of an electric power from pow- 
er collectors in a travel zone. 

[0003] An operation management system for the rub- 30 
ber-tired new traffic vehicles links automatic vehicle 
driving equipment, signal protection devices, communi- 
cation equipment, power equipment, and disaster pro- 
tection management facilities to perform centralized 
management of vehicle schedule control, route control, 35 
display control, and operation control, thereby operating 
vehicles smoothly and safely in an unmanned manner. 
[0004] With the rubber-tired new traffic vehicle, when 
control instruments in the operation management sys- 
tem fall, various manual operations and manipulations 40 
by the driver are possible. In this case, the travel speed 
is limited to a low speed. In the case of such a manual 
vehicle operation or manipulation by the driver, a colli- 
sion accident to vehicles may occur owing to an errone- 
ous operation or the like. Thus, crush zones for cush- *s 
ioning shock in the vehicle collision are provided at a 
front end portion and a rear end portion of the vehicle. 
[0005] FIG. 20 schematically shows the skeletal 
structure of a vehicle front end portion representing a 
conventional vehicle body structure. As shown in FIG. so 
20, an underframe 102 is formed as a continuation of a 
vehicle body floor (passenger compartment) 1 01 , and a 
bumper 103 of a U-shape in a plan view is fixed to a 
front portion of the underframe 1 02. On the other hand, 
a front end roof frame 105 of a U-shape in a plan view ss 
is fixed as a continuation of a vehicle body roof 1 04, and 
the front end roof frame 105 and the bumper 103 are 
connected together by a plurality of front beams 1 06 and 



side beams 107. The front beams 106 and the side 
beams 1 07 are connected by connecting beams 1 08. In 
this manner, a front gable portion 109 is composed of 
the underframe 102, bumper 103, front end roof frame 
105, and beams 106, 107 and 108. An outer wall 110 of 
FRP is attached to the outside of the structure thus 
formed from the skeleton. 

[0006] Hence, when rubber-tired new traffic vehicles 
collide head-on, their front end portions contact, and 
then the respective members are buckled, whereby the 
front gable portion 109 is crushed, and a cushioning 
member 110 is also buckled. Thus, the front gable por- 
tion 109 and the cushioning member 110 absorb shock 
due to the collision, whereupon an impact force trans- 
mitted to the passenger compartment located behind 
the front gable portion 109 is relieved, so that deforma- 
tion of the passenger compartment can be prevented. 
[0007] The aforementioned vehicle running on the 
dedicated tracks is preferably streamlined in consider- 
ation of the vehicle body's design and air resistance, and 
the conventional vehicle body has an acute-angled front 
end portion. If the front end portion of the vehicle body 
is in an acute-angled shape, however, head-on collision 
of the vehicles results in one of the vehicles passing over 
the other vehicle, and the front gable portion 109 or 
cushioning member 110 is not properly crushed. Thus, 
the impact force at the time of collision cannot be ab- 
sorbed by the front gable portion 109, and the impact 
force may be partly transferred to the passenger com- 
partment to cause its deformation. 
[0008] In this case, it is conceivable to mount a bump- 
er protruding to the front of the vehicle body as in an 
automobile so that in the head-on collision of the vehi- 
cles, their vehicle bodies are not displaced, one on top 
of the other, but their front gable portions 109 are prop- 
erly crushed. Mounting of a large bumper at the front 
end portion of the vehicle body leads to a change in the 
design of the vehicle, markedly deteriorating the ap- 
pearance quality. 

[0009] Moreover, since control instruments are in- 
stalled in the aforementioned front gable portion 109, 
the cushioning member 110 for absorbing an impact 
force during collision has to be disposed below the un- 
derframe 102. Therefore, when a collision force is input- 
ted to the front end portion of the vehicle, as shown in 
FIG. 21(a), the front beam 106 is crushed rearward, as 
shown in FIG. 21 (b). Thus, the underframe 1 02 (the front 
and rear beams, floor board, etc.), to which a lower part 
of the front beam 1 06 has been firmly connected, is de- 
formed in a downwardly bending manner. As a result, 
the downwardly bent, deformed underframe 102 press- 
es the cushioning member 110 downward to bend It 
down. Consequently, the cushioning member 110 is fur- 
ther bent, without being buckled In response to an im- 
pact force subsequently inputted from the front end por- 
tion, and is no more capable of absorbing the impact 
force sufficiently. 

[0010] In this case as well, the front end portion of the 
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cushioning member 110 may be configured to protrude 
forwardly of the vehicie body in order to absorb an im- 
pact force, which occurs at head-on collision of vehicles, 
reliably by the cushioning member 11 0 by directly input- 
ting the impact force to the front end portion of the cush- 
ioning member 110 at the collision. Forward extension 
of the cushioning member 110, however, leads to a 
change in the design of the vehicle, markedly deterio- 
rating the appearance quality. 

[0011] Furthermore, the impact force in the collision 
is absorbed by the crushing of the constituent members 
of the front gable portion 1 09 and the buckling of the 
cushioning member 1 1 0. If the vehicles collide straightly, 
the impact force in the collision can be absorbed reliably. 
However, if collision occurs when the vehicle runs on a 
curve, the impact force cannot be absorbed reliably. 
[0012] In detail, the cushioning member 110 is de- 
signed to absorb the impact force reliably, for example, 
by having holes in a circumferential surface of a tubular 
body and buckling in a longitudinal direction at the time 
of collision. When a collision occurs while the vehicle is 
running on a curve, an impact force acts on the front end 
portion of the cushioning member 110 from an oblique 
direction. As a result, the cushioning member 1 1 0 is bent 
and does not buckle in the longitudinal direction. Hence, 
the function of the cushioning member 110 may fail to 
be properly performed, and the impact force during the 
collision cannot be sufficiently absorbed to cause defor- 
mation of the passenger compartment. 
[0013] The present invention is intended to sofve the 
above-described problems. Its object is to provide a ve- 
hicle body structure for achieving increased safety by 
reliably absorbing shock, which occurs when vehicles 
collide, without aggravating appearance quality or air re- 
sistance. 

Disclosure of the Invention 

[0014] The vehicle body structure of the present in- 
vention for attaining the above object is characterized 
in that a crush zone for absorbing an impact force in a 
collision Is provided on a front head side of a vehicle 
relative to a passenger compartment, and a straight por- 
tion extending along a vertical direction is formed in a 
front portion of a vertical beam as a constituent member 
constituting the crush zone. 

[0015] Thus, the straight portion can be easily formed 
without an increase in the number of components. Even 
if there is a vertical displacement in a collision of vehi- 
cles, the straight portions collide, and the resulting im- 
pact force is transmitted to the crush zone. One of the 
vehicles does not run onto the other vehicle, but the 
crush zone is crushed, and can reliably absorb the im- 
pact force due to the collision. In this case, a shock ab- 
sorbing member, such as a bumper, need not be provid- 
ed in a front portion of the vehicle. Nor is appearance 
quality or air resistance aggravated. The safety of the 
vehicle can be increased without fail. 



[0016] The vehicle body structure of the present in- 
vention is also characterized in that the length of the 
straight portion is set according to the amount of vertical 
displacement during travel of the vehicle. 
5 [0017] Thus, the length of the straight portion can be 
minimized, and the degree of freedom of vehicle design 
can be heightened. Consequently, appearance quality 
can be improved, and air resistance can be decreased 
to improve fuel economy. 
10 [0018] The vehicle body structure of the present in- 
vention is also characterized in that the vertical beam 
connects a roof frame and an underframe, and an in- 
clined portion inclined forwardly is formed in an upper 
portion of the vertical beam, while the straight portion is 
15 formed in a lower portion of the vertical beam, 

[001 9] Thus, an appropriate straight portion is formed, 
whereby the safety of the vehicle can be increased, with- 
out aggravation of the appearance quality or air resist- 
ance of the vehicle. 
20 [0020] The vehicle body structure of the present in- 
vention is also characterized in that a plurality of the ver- 
tical beams are provided in the width direction of the ve- 
hicle. 

[0021 ] Thus, a plurality of straight portions can be pro- 
25 vided in the width direction of the vehicle. The straight 
portions reliably collide with each other, and the result- 
ing impact force can be absorbed by the crush zone 
without fail. 

[0022] The vehicle body structure of the present in- 
so vention is also characterized in that the straight portion 
is located at the most forward position. 
[0023] Thus, the straight portions reliably collide with 
each other, and the resulting impact force is transmitted 
to the crush zone, and can be absorbed thereby without 
35 fail. 

[0024] The vehicle body structure of the present in- 
vention is also characterized in that the vertical beam 
connects a roof frame and an underframe, a bumper is 
connected to the underframe, and the bumper has a 
40 central portion protruding forwardly of the vehicle and 
has buckling strength changing means provided in op- 
posite side portions. 

[0025] Thus, in a collision of the vehicles, the bumper 
is longitudinally buckled into deformation by the buckling 
^5 strength changing means, whereby an impact force in 
the collision can be easily absorbed to increase the safe- 
ty of the vehicle. 

[0026] The vehicle body structure of the present in- 
vention is also characterized in that the opposite side 

50 portions of the bumper are weakened relative to the cen- 
tral portion by the buckling strength changing means. 
[0027] Thus, in a collision of the vehicles, the central 
portion of the bumper moves rearward, and the opposite 
side portions buckle, so that the impact force can be re- 

55 liably absorbed to Increase the safety of the vehicle. 
[0028] The vehicle body structure of the present in- 
vention is also characterized in that the buckling 
strength changing means is holes formed in the bumper. 
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[0029] Thus, an impact force in a collision can be ab- 
sorbed by a simple and inexpensive structure. 
[0030] The vehicle body structure of the present in- 
vention is also characterized in that a reinforcing mem- 
ber is provided in the central portion of the bumper. 
[0031] Thus, when the vehicles collide, the central 
portion of the bumper reinforced with the reinforcing 
member recedes without buckling, while the opposite 
side portions of the bumper buckle, so that the impact 
force can be absorbed reliably. 

[0032] The vehicle body structure of the present in- 
vention is also characterized in that a cushioning mem- 
ber located behind the constituent member and adapted 
to buckle by the impact force, thereby relieving the im- 
pact force, is provided on one side in the vertical direc- 
tion of the straight portion, and an auxiliary member is 
provided for bending the constituent member away from 
the cushioning member when the impact force is input- 
ted. 

[0033] Thus, when an impact force in a collision of the 
vehicles is inputted to the constituent member of the 
crush zone, the constituent member is bent by the aux- 
iliary member away from the cushioning member. The 
constituent member does not bend the cushioning 
member from above, and does not impair the essential 
function of the cushioning member, the function of ab- 
sorbing the impact force by its buckling in the longitudi- 
nal direction. Since the shock of collision of the vehicles 
is reliably absorbed, safety can be increased. 
[0034] The vehicle body structure of the present in- 
vention is also characterized in that the constituent 
member includes a bumper connected to a lower end 
portion of the vertical beam, and a beam member con- 
structed between the bumper and a vehicle body, and a 
front portion of the beam member is bent toward the 
cushioning member to constitute the auxiliary member. 
[0035] Thus, the auxiliary member can be constituted 
at a low cost and with ease, without impairment of the 
function of the beam member constituting the crush 
zone. At the time of a collision, the beam member is de- 
formed toward the cushioning member, and a loss of the 
function of the cushioning member due to deformation 
can be prevented. 

[0036] The vehicle body structure of the present in- 
vention is also characterized in that the constituent 
member includes a bumper connected to a lower end 
portion of the vertical beam, a reinforcing member fixed 
behind the bumper, and a beam member constructed 
between the bumper and the reinforcing member, and 
a front portion of the beam member is curved toward the 
cushioning member to constitute the auxiliary member. 
[0037] Thus, the auxiliary member can be constituted 
at a low cost and with ease, without impairment of the 
function of the beam member constituting the crush 
zone. At the time of a collision, the beam member Is de- 
formed toward the cushioning member, and a loss of the 
function of the cushioning member due to deformation 
can be prevented. 



[0038] The vehicle body structure of the present in- 
vention is also characterized in that the constituent 
member is a bumper connected to a lower end portion 
of the vertical beam, continued from the straight portion, 
s and inclined rearward, and the bumper covers at least 
part of the cushioning member. 
[0039] Thus, the cushioning member is easily dis- 
posed without deterioration of appearance quality. 
Shock in a collision can be reliably absorbed by defor- 
10 mation of the cushioning member. 

[0040] The vehicle body structure of the present in- 
vention is also characterized in that a cushioning mem- 
ber located behind the constituent member and adapted 
to buckle by the impact force, thereby relieving the im- 
15 pact force, is provided on one side in a vertical direction 
of the straight portion, and a protrusion for secondary 
collision, which is exposed forward, is provided in a front 
end portion of the cushioning member. 
[0041] Thus, when an impact force in a collision of ve- 

20 hides is inputted to the crush zone, the constituent 
member crushed by the impact force presses the cush- 
ioning member, trying to deform it into inclination. Before 
then, however, the protrusions for secondary collision 
collide with each other. Thus, the inclination of the crash 

25 portions is prevented, and the cushioning members are 
properly buckled in the longitudinal direction by the im- 
pact force inputted from ahead, being capable of ab- 
sorbing the collision force reliably. 
[0042] The vehicle body structure of the present in- 

30 vention is also characterized in that a plurality of cush- 
ioning members for relieving the impact force by being 
buckled by the impact force are arranged side by side 
on right and left sides of the vehicle behind the straight 
portion, and front end portions of the cushioning mem- 

35 bers are connected by a connecting member. 

[0043] Thus, the flexural rigidity of each cushioning 
member is increased. Even when the vehicles collide 
obliquely and the resulting force acts on the cushioning 
member obliquely, the cushioning member is not bent, 

40 but is buckled longitudinally, becoming capable of ab- 
sorbing the Impact force reliably. The safety in collision 
can be increased. 

[0044] The vehicle body structure of the present in- 
vention is also characterized in that the cushioning 

45 member includes a buckling portion extending forward 
from a base end portion attached to a vehicle body, and 
a crash portion attached to a front end portion of the 
buckling portion, reinforcing means is provided in the 
mounting area of the vehicle body and the buckling por- 

50 tion, and a reinforcing member is provided in the con- 
necting area of the buckling portion and the crash por- 
tion. 

[0045] Thus, the surface rigidity at the connecting ar- 
eas of the vehicle body, the buckling portion, and the 
55 crash portion is increased. Even when an impact force 
in a collision acts on the cushioning member obliquely, 
the cushioning member is not bent, but is buckled lon- 
gitudinally and can absorb the impact force reliably. 
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[0046] The vehicle body structure of the present in- 
vention is also characterized in that a cushioning mem- 
ber for relieving the impact force by being buckled by 
the impact force is provided behind the straight portion, 
and a vertical restraining member for inhibiting vertical 
displacement, relative to a member to be collided with, 
in the collision is provided in a front end portion of the 
cushioning member. 

[0047] Thus, when the front end portion of the cush- 
ioning member is struck in a collision of the vehicles, 
vertical displacement at the crash portion is inhibited by 
the vertical restraining member. The crash member is 
properly buckled in the longitudinal direction, and can 
absorb the impact force reliably. As noted here, shock 
in the collision can be reliably absorbed to increase safe- 
ty, without aggravating appearance quality or air resist- 
ance. 

[0048] The vehicle body structure of the present in- 
vention is also characterized in that the vertical restrain- 
ing member is constituted by fixing a plurality of horizon- 
tal engagement plates at predetermined intervals in a 
hollow box attached to the front end portion of the cush- 
ioning member. 

[0049] Thus, when the front end portions of the cush- 
ioning members collide with each other, the engage- 
ment plates deform the front surfaces of the boxes, and 
engage each other, thereby Inhibiting vertical displace- 
ment. The crash members are properly buckled in the 
longitudinal direction, and thus can absorb the impact 
force reliably. Furthermore, the vertical restraining 
member is composed of the plural engagement plates, 
so that the structure can be simplified and lowered in 
cost; 

[0050] The vehicle body structure of the present in- 
vention is also characterized in that the plurality of en- 
gagement plates are fixed to the rear surface of the hol- 
low box, and predetermined gaps are formed between 
the front surface of the hollow box and the plurality of 
engagement plates. 

[0051] Thus, when the front end portions of the cush- 
ioning members collide, the boxes are easily deformed 
because of the gaps during pushing of the front surfaces 
of the hollow boxes by the engagement plates. As a re- 
sult, the engagement plates engage each other, andean 
inhibit vertical displacement reliably. 
[0052] The vehicle body structure of the present in- 
vention is also characterized in that the vehicle is con- 
stituted by mounting a plurality of running wheels to a 
box-shaped vehicle body having the crush zones pro- 
vided ahead of and behind the passenger compartment, 
and the vehicle rotationally drives the running wheels 
while being supplied with an electric power, whereby the 
vehicle can travel along dedicated tracks. 
[0053] Thus, the vehicle body structure of the present 
invention can be applied to the rubber-tired new traffic 
vehicle which runs automatically in an unmanned man- 
ner on dedicated tracks, and can increase the safety of 
the vehicle reliably without aggravating appearance 
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quality or air resistance. 
Brief Description of the Drawings 
* [0054] 



FIG. 1 is a schematic view of a skeletal structure of 
a vehicle front end portion representing a vehicle 
body structure according to a first embodiment of 
the present invention. FIG. 2 is a sectional view tak- 
en on line ll-ll of FIG. 1. FIG. 3 is a sectional view 
taken on line Ill-Ill of FIG. 1 . FIG. 4 is a schematic 
perspective view of an undername front end por- 
tion. FIG. 5 is a plan view of the underframe front 
end portion. FIG. 6 is a sectional view taken on line 
VI-VI of FIG. 4. FIG. 7 is a sectional view taken on 
line VII-VII of FIG. 6. FIG. 8 is a sectional view taken 
on line VIII-VIII of FIG. 5. FIG. 9 is a schematic view 
showing a deformed state of the vehicle front end 
portion at the time of a head-on collision. FIG. 1 0 is 
a plan view of the underframe front end portion 
showing a deformed state of a cushioning member 
at the time of a collision. FIG. 11 is a side view of a 
vehicle. FIG. 12 is a front view of the vehicle. FIG. 
13 is an essential vertical sectional view of a front 
gable portion representing a vehicle body structure 
according to a second embodiment of the present 
invention. FIG. 14 is an essential vertical sectional 
view of a front gable portion representing a vehicle 
body structure according to a third embodiment of 
the present invention. FIG. 15 is a schematic view 
of a skeletal structure of a vehicle front end portion 
representing a vehicle body structure according to 
a fourth embodiment of the present invention. FIG. 
1 6 is a sectional view taken on line XVI-XVI of FIG. 
15. FIG. 17 is a sectional view taken on line 
XVII-XVII of FIG. 16. FIG. 18 is an essential sec- 
tional view showing a deformed state of a cushion- 
ing member at the time of a collision. FIG. 19 is a 
perspective view of a cushioning member showing 
a vehicle body structure according to a fifth embod- 
iment of the present invention. FIG. 20 is a sche- 
matic view of a skeletal structure of a vehicle front 
end portion representing a conventional vehicle 
body structure. FIGS. 21 (a) and 21 (b) are schemat- 
ic views showing a deformed state of the conven- 
tional vehicle body structure at the time of a head- 
on collision. 



so Best Mode for Carrying Out the Invention 

[0055] Embodiments of the present invention will be 
described in detail based on the accompanying draw- 
ings. 



55 



[First Embodiment] 

[0056] A vehicle, to which the vehicle body structure 
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of the present embodiment is applied, is used as a rub- 
ber-tired new traffic vehicle, as a track type medium duty 
transport system, which automatically runs on dedicat- 
ed tracks in an unmanned manner while an electric mo- 
tor is receiving supply of an electric power from electric- 
car lines over the tracks to drive running wheels rota- 
tionally. 

[0057] That is, as shown in FIGS. 11 and 12 in the 
present embodiment, a vehicle 11 has a passenger 
compartment 12 formed at the center, and has a front 
gable portion 13 and a rear gable portion 14 formed at 
the front and rear ends to serve as crush zones. Below 
a vehicle body, right and left wheels 15 and right and left 
wheels 16 as pairs are mounted at the front and the 
back. The wheels 15,16 are rotationally drivabie by driv- 
ing units 17, 1B having drive motors, and are steerable 
by steering units 19, 20. Left and right guide wheels 21 
and 22 as pairs are mounted on the sides of the vehicle 
body, and the respective guide wheels 21 and 22 are 
reliable on left and right guide walls 23 and 24. Further- 
more, left and right power collectors 25 and 26 as pairs 
are mounted on the sides of the vehicle body, and the 
respective power collectors 25 and 26 are in sliding con- 
tact with electric-car lines 29 and 30 annexed to left and 
right side walls 27 and 28. Control instruments for the 
driving units 17, 18 and the steering units 19, 20 are 
loaded on the aforementioned front gable portion 1 3 and 
rear gable portion 14. 

[0058] Thus, the driving units 1 7, 1 8 are supplied with 
an electric power from the electric-car lines 29, 30 via 
the power collectors 25, 26 to drive the wheels 15, 16 
rotationally. The guide wheels 21 , 22 are guided rollingly 
by the guide rails 23, 24. The steering units 1 9, 20 steer 
the wheels 15, 16. Thus, the vehicle can run along pre- 
determined dedicated tracks. The rubber-tired new traf- 
fic vehicle 1 1 runs in confinement to the tracks compris- 
ing the guide wheels 21 , 22 and the guide rails 23, 24. 
Hence, in case a collision accident to the vehicles oc- 
curs, the vehicles 11 collide without shifting sideways. 
On this occasion, the front gable portion 1 3 and the rear 
gable portion 14 are crushed as crush zones, whereby 
the shock of the collision can be absorbed. 
[0059] In the front gable portion 13 of the above rub- 
ber-tired new traffic vehicle 11, as shown in FIGS. 1 to 
8, end portions of a U-shaped inner bumper 32 are con- 
nected to each of front and rear end portions of side 
frames 31 located on both sides of the vehicle body (the 
inner bumper at the rear end portion is not shown). The 
side frame 31 has a closed sectional shape, while the 
inner bumper 32 has a U-shaped sectional shape open 
rearward. An underframe 33 is constituted by construct- 
ing a plurality of transverse beams (not shown) inwardly 
of the side frames 31 and the inner bumper 32, and at- 
taching a floor board 34 onto the transverse beams. 
Right and left side reinforcing beam members 35 as a 
pair are disposed on both sides of a front end portion of 
the underframe 33. A front end portion of the side rein- 
forcing beam member 35 is connected to the inner 



bumper 32, and a rear end portion thereof is connected 
to the transverse beam. The right and left side reinforc- 
ing beam members 35 are connected together by a 
transverse reinforcing beam member36 of a closed sec- 
5 tional shape. Right and left central reinforcing beam 
members 37 as a pair are disposed at the center of the 
front end portion of the underframe 33. A front end por- 
tion of the central reinforcing beam member 37 Is con- 
nected to the inner bumper 32, and a rear end portion 
10 thereof is connected to the transverse beam. The cen- 
tral reinforcing beam members 37 are connected in this 
manner so as to cross the transverse reinforcing beam 
member 36. 

[0060] In this case, the inner bumper 32 is composed 
is of a central portion 32a curved in a slightly arced form, 
and side portions 32b formed obliquely and integrally on 
both sides of the central portion 32a. A plurality of holes 
32c as buckling strength changing means are bored in 
opposite side portions of the central portion 32a and in 
20 the side portions 32b. The side reinforcing beam mem- 
ber 35 has an L-shaped cross section, and has an lon- 
gitudinally extending horizontal portion 35a and a for- 
wardly downwardly bending portion 35b formed inte- 
grally. The front end of the bending portion 35b is bond- 
25 ed to the vertically inclined central portion 32a of the in- 
ner bumper 32. A plurality of holes 35c are bored In a 
front part of the side reinforcing beam member 35. Fur- 
thermore, the central reinforcing beam member 37 is 
formed from separate parts, i.e., a rear beam 37a of an 
so L-shaped cross section and a front beam 37b in the form 
of a fiat plate curved in a forwardly downwardly arced 
from. The rear beam 37a is constructed between the 
transverse reinforcing beam member 36 and the trans- 
verse beam, while the front beam 37b is constructed be- 
35 tween the inner bumper 32 and the transverse reinforc- 
ing beam member 36. The front end of the front beam 
37b is bonded to the vertically inclined central portion 
32a of the inner bumper 32. 

[0061] In the front end portion of the underframe 33, 
^0 left and right cushioning members 39 and 40 as a pair 
are arranged side by side parallel to the left and right of 
the vehicle. The respective cushioning members 39 and 
40 are in practically the same configuration, and are 
composed of bodies (buckling portions) 39b, 40b In a 
45 square tubular shape and having a plurality of openings 
39a, 40a, and box-shaped, high rigidity crash portions 
39d, 40d connected to the front ends of the bodies 39b, 
40b. The bodies 39b, 40b have reinforcing brackets 39c, 
40c fixed to base ends thereof by welding. The relnforc- 
so ing brackets 39c, 40c are tied to a connecting bracket 
41a by bolts 39f, 40f. On the other hand, reinforcing 
brackets 39g, 40g are fixed to the front ends of the bod- 
ies 39b, 40b by welding, and the crash portions 39d, 40d 
are tied to the reinforcing brackets39g, 40g by bolts 39h, 
55 40h. The crash portions 39d, 40d are connected togeth- 
er by a high rigidity connecting rod 41b of a square tu- 
bular shape. The crash portions 39d, 40d are located at 
a slight distance from the inner bumper 32, and protru- 
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sions 39e, 40e formed integrally with the crash portions 
39d, 40d protrude forward from below the inner bumper 

[0062] In this manner, the reinforcing brackets 39c, 
40c are mounted on the base ends of the bodies 39b, 
40b in the left and right cushioning members 39, 40 as 
a pair , and are connected to the connecting bracket 41 a 
located on the vehicle body side. On the other hand, the 
crash portions 39d, 40d are connected to the front ends 
of the bodies 39b, 40b via the reinforcing brackets 39g, 
40g, and the crash portions 39d, 40d are connected by 
the connecting rod 41 b. Thus, in response to the impact 
force acting on the crash portions 39d, 40d of the cush- 
ioning members 39, 40 from an oblique direction, the 
surface rigidity of the connecting areas of the crash por- 
tions 39d, 40d, bodies 39b, 40b and connecting bracket 
41a is increased by the reinforcing brackets 39c, 40c, 
39g, 40g, and the flexural rigidity of the cushioning mem- 
bers 39, 40 is increased by the connecting rod 41b. 
These measures enable the cushioning members 39, 
40 to buckle properly in the longitudinal direction, there- 
by absorbing the impact force reliably. 
[0063] A roof body is provided on both sides of the 
underframe 33 via side grooves (not shown). A roof 
frame 42 of a U-shape is fixed to a front end portion of 
the roof body, and connecting beams 44 are constructed 
between a roof transverse beam 43 and the roof frame 
42. An outer bumper 45 of a V-shaped cross section is 
fixed outwardly of the inner bumper 32 with a predeter- 
mined gap. The outer bumper 45, almost like the afore- 
mentioned inner bumper 32, is composed of a central 
portion 45a, and side portions 45b formed obliquely and 
integrally on both sides of the central portion 45a. A plu- 
rality of holes 45c as buckling strength changing means 
are bored in opposite side portions of the central portion 
45a and in the side portions 45b. A reinforcing material 
46 is fixed to the upper surface of the central portion 
45a. Left front beams 47, 48 and right front beams 47, 
48 as a pair having an L-shaped cross section, and left 
and right side beams 49 as a pair having a U-shaped 
cross section are constructed between the roof frame 
42 and the outer bumper 45, and the end portions of 
these beams are fixed to the roof frame 42 and the outer 
bumper 45 by welding. The front beam 48 and the side 
beam 49 on each of the right-hand and left-hand sides 
are connected together by a connecting beam 50, and 
a plurality of holes 50a are formed in a bending portion 
of the connecting beam 50. The numeral 51 denotes a 
reinforcing bracket for connecting the front beams 47, 
48, the outer bumper 45 and the floor board 34 together! 
[0064] When a collision accident to the rubber-tired 
new traffic vehicles 11 occurs, the lateral motion of the 
vehicle 11 is confined by the tracks. Thus, the probability 
of occurrence of a so-called offset collision is low. How- 
ever, the vehicle is streamlined In consideration of its 
design, and the vehicle is displaced (vibrates) in the up- 
and-down or vertical direction in accordance with the 
road condition (dents and projections, hills) or the driv- 



ing condition (starting or stopping, acceleration or de- 
celeration). Hence, when the vehicles 11 collide, one of 
the vehicles may run onto the other vehicle, with the re- 
sult that the front gable portion 13 and the rear gable 
5 portion 1 4 may fail to function as crush zones. 

[0065] Therefore, straight portions extending along a 
vertical direction are formed at the front of the front gable 
portion 13 as the crush zone. By so doing, even if the 
vehicles vertically shift according to the road condition, 
10 the driving condition, etc., the straight portions of pre- 
determined lengths collide with each other, inhibiting 
one of the vehicles 1 1 from running onto the other vehi- 
cle, and permitting the front gable portion 1 3 to function 
as the crush zone reliably. In detail, the left and right 
*5 front beams 47 and 48 as constituent members consti- 
tuting the front gable portion 13 are inclined and curved 
in harmony with the streamlined design of the vehicle 
11, and have the straight portions 47a, 48a, which ex- 
tend along the vertical direction, formed at the lower end 
20 portions. The lengths of the straight portions 47a, 48a 
are set in accordance with the amount of upward or 
downward displacement (vertical displacement) of the 
vehicle 1 1 during its travel. That is, as stated earlier, the 
amount of vertical displacement of the vehicle 11 while 
25 it is running differs according to the condition of the road 
on which the vehicle 11 runs, the state of driving of the 
vehicle 1 1 , the vehicle body rigidity of the vehicle 11 , or 
the performance of the suspension system. Thus, tests 
or calculations are performed beforehand to calculate 
30 the amount of vertical displacement. The lengths of the 
straight portions 47a, 48a are determined in accordance 
with the amount of vertical displacement. In this case, if 
the amount of vertical displacement of the vehicle 11 is 
at most L, the vehicles 1 1 , when colliding, are likely to 
35 be displaced vertically by up to 2L. Thus, the lengths of 
the straight portions 47a, 48a may be set at greaterthan 
2L. 

[0066] The length of the straight portion 48a of the 
front beam 48 is greaterthan the length of the straight 
40 portion 47a of the front beam 47. This is because the 
straight portion 48a can be formed with a greater length 
in connection with the design of the vehicle 11 , and con- 
sideration is given to higher safety. The lateral displace- 
ment of the vehicle 11 is restrained by the tracks com- 
45 prising the guide wheels 21 , 22 and guide rails 23, 24. 
However, the vehicle 11 is likely, although slightly, to be 
displaced laterally because of manufacturing errors or 
installation errors of components. Thus, the widths of 
the straight portions 47a, 48a are also set in considera- 
so tion of the amount of this displacement. 

[0067] Also, the vehicle 11 is streamlined out of con- 
sideration for its design. Thus, when the vehicles 1 1 col- 
lide, an impact force at collision is Inputted to the front 
end portion of the vehicle 1 1 , namely, a portion slightly 
55 above the Inner bumper 32. In this case, since the side 
reinforcing beam members 35 and the central reinforc- 
ing beam members 37 are located below the inner 
bumper 32, the reinforcing beam members 35, 37 and 
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the floor board 34 are bent downward, when the impact 
force is inputted to the portion upward of the innerbump- 
er 32. As a result, flexural load acts on the cushioning 
members 39, 40 from above, thereby bending down the 
cushioning members 39, 40. . Thus, these cushioning 
members 39, 40 cannot properly absorb, by buckling, 
the impact force inputted from ahead. 
[0068] Hence, the aforementioned side reinforcing 
beam member 35 is provided with the bending portion 
35b, and the central reinforcing beam member 37 is pro- 
vided with the curved front beam 37b, as auxiliary mem- 
bers which permit the reinforcing beam members 35, 37 
to bend away from (namely upwards) the cushioning 
members 39, 40 when the impact force is inputted to the 
front end portion of the vehicle 11 . Furthermore, in order 
that the crash portions 39d, 40d of the cushioning mem- 
bers 39, 40 are not pushed and sloped by the retraction 
of the inner bumper 32 upon primary collision of the front 
end portions of the vehicles 1 1 , the protrusions 39e, 40e 
formed on the front surfaces of the crash portions 39d, 
40d are used as protrusions for secondary collision. 
[0069] The front gable portion 1 3 is so constituted by 
the underframe 33, bumpers 32, 45, roof frame 42, and 
beams 47, 48, 49. An outer wall of FRP (not shown) is 
attached to the exterior of the structure formed from the 
skeleton including the passenger compartment 12, the 
front gable portion 13, and the rear gable portion 14 to 
constitute the vehicle 11. 

[0070] In the foregoing descriptions of the embodi- 
ment, the front gable portion 13 is formed on one side 
of the passenger compartment 12 of the vehicle 11, 
while the rear gable portion 14 is formed on the other 
side, and only the front gabie portion 13 has been ex- 
plained in detail. The rear gable portion 14 also has the 
same structure as that of the front gable portion 13, 
serves as the crush zone, and possesses the straight 
portions. The vehicle 11 has been described, with the 
front gable portion 13 facing forward in the moving di- 
rection. However, the vehicle 11 can also run, with the 
rear gable portion 1 4 facing forward In the moving direc- 
tion. 

[0071 J The thus configured rubber-tired new traffic ve- 
hicle 11 is operated smoothly and safely in an un- 
manned manner by the operation management system. 
However, if control instruments fail, various manual op- 
erations and manipulations by the driver are possible. 
In this case, the travel speed is limited to a low speed. 
In the case of such a manual operation or manipulation 
of the vehicle 1 1 by the driver, a collision accident to the 
vehicles 11 may occur owing to an erroneous operation 
or the like. Thus, as stated above, the front gable portion 
13 and-the rear gable portion 14, which serve as the 
crush zones, are formed ahead of and behind the pas- 
senger compartment 12. The straight portions 47a, 48a 
extending along the vertical direction are formed at the 
lower ends of the front beams 47, 48 constituting the 
front gable portion 13 and the rear gable portion 14. The 
cushioning members 39, 40 are mounted in the lower 



portions of the front gable portion 1 3 and the rear gable 
portion 1 4. Because of this arrangement, the front gable 
portion 1 3 and the rear gable portion 1 4 reliably function 
as the crush zones. 
s [0072] In order that the cushioning members 39, 40 
properly function, the bending portions 35b and front 
beams 37b as auxiliary members are provided at the 
reinforcing beam members 35, 37 as the constituent 
members constituting the front gable portion 13 and the 
10 rear gable portion 14, whereby the reinforcing beam 
members 35, 37 bend upward away from the cushioning 
members 39, 40 at the time of collision. Besides, the 
protrusions 39e, 40e for secondary collision are formed 
at the crash portions 39d, 40d of the cushioning mem- 
*5 bers 39, 40. These protrusions 39e, 40e of one vehicle 
11 come into secondary collision with the protrusions 
39e, 40e of the other vehicle 11 so that the crash por- 
tions 39d, 40d of the cushioning members 39, 40 will not 
be pushed and sloped due to the retraction of the bump- 
20 ers 32, 45 upon primary collision of the front end portions 
of the vehicles 11. 

[0073] In order that the cushioning members 39, 40 
properly function even in oblique collision, the reinforc- 
ing brackets 39c, 40c, 39g, 40g are mounted to the con- 
25 necting areas of the bodies 39b, 40b, the crash portions 
39d, 40d and the connecting bracket 41a, whereby the 
surface rigidity at the connection areas Is increased. In 
addition, the left and right crash portions 39d and 40d 
are connected by the connecting rod 41b, whereby the 
30 flexural rigidity of the cushioning members 39, 40 is in- 
creased. 

[0074] In detail, when the vehicles 11 collide, there 
may be a collision of the front gable portions 13 or the 
rear gable portions 14 of the vehicles 11 colliding head- 
35 on, or a collision of the rear gable portion 14 and the 
front gable portion 13 when the preceding vehicle is hit 
by the following vehicle. The vehicle 11 runs, with its lat- 
eral displacement being nearly restrained by the guide 
wheels 21 , 22 and guide rails 23, 24. However, its ver- 
^0 tfcal displacement Is not restrained, and the vehicle vi- 
brates (is displaced) in the up-and-down direction in ac- 
cordance with the rigidity of the vehicle body, the per- 
formance of the suspension, the irregularities of the road 
surface or hills, at the time of starting or stopping, or at 
^5 acceleration or deceleration. Hence, when the vehicles 
11 are displaced in opposite directions, and collide 
head-on, and the front gabie portions 13strike each oth- 
er, one of the vehicles runs onto the other vehicle, be- 
cause the vehicle 1 1 is streamlined out of consideration 
50 for its design. However, the straight portions 47a, 48a 
are present at the front beams 47, 48 of the front gable 
portion 13. Thus, even when the front gable portions 13 
displaced vertically in opposite directions collide with 
each other, the straight portions 47a, 48a strike the 
55 straight portions 47a, 48a. The resulting impact force Is 
transmitted to the front gable portion 13 and the rear 
gable portion 1 4 via the straight portions 47a, 48a. Thus, 
the front gable portion 13 and the rear gable portion 14 
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are crushed as the crush zones, whereby the impact 
force can be absorbed, and the impact force transferred 
to the passenger compartment 12 can be reduced. 
[0075] The method of alleviating the impact force by 
the crush zones will now be described concretely. When 
the front gable portion 13 (rear gable portion 14) is 
crushed as the crush zone, the impact force in the col- 
lision enters the outer bumper 45 from the outer wall of 
FRP, is admitted into the front beams 47, 48 via the 
straight portions 47a, 48a, and is inputted to the crash 
portions 39d, 40d (protrusions 39e, 40e) of the cushion- 
ing members 39, 40. Under these conditions, the central 
portions 32a, 45a (reinforcing material 46) of the bump- 
ers 32, 45 are pushed, and the opposite side portions 
32b, 45b are buckled in the longitudinal direction by the 
plural holes 32c, 45c. Also, the side reinforcing beam 
members 35 are buckled and bent into deformation by 
the plural holes 35c, as are the central reinforcing beam 
members 37 by the front beams 37b, and as are the con- 
necting beams 50 by the plural holes 50a. Moreover, the 
cushioning members 39, 40 collide with the cushioning 
members 39, 40 to start longitudinal buckling. Then, the 
roof frame 42 and the underframe 33 start buckling, and 
the entire front gable portion 1 3 is crushed, whereby the 
impact force in the collision can be absorbed. 
[0076] Since the front gable portion 1 3 Is crushed dur- 
ing a head-on collision to absorb the impact force, the 
impact force transmitted to the passenger compartment 
12 can be relieved to ensure safety of the crew and pas- 
sengers in the passenger compartment 12. Experi- 
ments were conducted in which the vehicles 11 with a 
weight of 24 tons and a riding rate in the passenger com- 
partment 12 of about 1 00% collided head-on at a speed 
of 11 km/h. Load acting on the passenger compartment 
12 (position of the center of gravity) was 4.5 G with the 
conventional vehicle body structure, and the passenger 
compartment 12 was deformed. In the vehicle body 
structure of the present invention, the load was 3.5 G, 
and the passenger compartment 12 was not deformed. 
[0077] The impact force during collision of the vehi- 
cles 11 is inputted to the straight portions 47a, 48a of 
the front beams 47, 48 located above the underframe 
33. Thus, the bumpers 45, 32 crushed via the front 
beams 47, 48 deform the underframe 33. As shown in 
FIG. 9, the bending portions 35b, which bend down- 
wardly, are provided In the front end portions of the side 
reinforcing beam members 35, and the front beams 37b, 
which are curved downwardly, are provided in the front- 
end portions of the central reinforcing beam members 
37. Hence, when the impact force at the time of collision 
of the vehicles 11 is inputted to the reinforcing beam 
members 35, 37 via the bumpers 45, 32, these reinforc- 
ing beam members 35, 37 are bent and deformed to- 
ward the bent or curved upper area together with the 
floor board 34 so as to become away from the cushion- 
ing members 39, 40. Thus, it never happens that the 
floor board 34 bends downward along with the reinforc- 
ing beam members 35, 37 to Impose a flexural load on 



the cushioning members 39, 40 from above to deform 
them. Hence, the cushioning members 39, 40 are free 
from the impairment of their essential function of absorb- 
ing the impact force by their longitudinal buckling. At this 
s time, moreover, the protrusions 39e, 40e collide with the 
protrusions 39e, 40e, so that the cushioning members 
39, 40 are not inclined, but properly buckled in the lon- 
gitudinal direction by the impact force inputted from 
ahead, and can absorb the collision force reliably. 
w [0078] Also, the cushioning members 39, 40 have the 
protrusions 39e, 40e formed in the lower portions of the 
crash portions 39d, 40d at the front ends. The bumpers 
45, 32 crushed by the impact force press the upper parts 
of the cushioning members 39, 40, trying to incline the 
'5 crash portions 39d, 40d. Before then, however, the pro- 
trusions 39e, 40e come into a secondary collision with 
the protrusions 39e, 40e of the other party. Thus, the 
inclination of the crash portions 39d, 40d is prevented, 
and the cushioning members 39, 40 are properly buck- 
so led in the longitudinal direction by the impact force in- 
putted from ahead, being capable of absorbing the col- 
lision force reliably. 

[0079] Furthermore, at an initial stage of the head-on 
collision of the vehicles 11, the opposite side portions 
25 45b are longitudinally buckled via the plural holes 45c 
by the Impact force inputted to the central portion 45a 
(reinforcing material 46) of each bumper 32, 45, so that 
the central portion 45a is displaced straightly rearward. 
Hence, the impact force in the collision is not allowed to 
30 escape sideways, but is directly accepted by the front 
gable portion 13 and absorbed thereby. Consequently, 
displacement of the vehicles after collision can be inhib- 
ited to prevent spread of damage to the surroundings. 
[0080] The plural holes 35c are provided in the side 
35 reinforcing beam members 35, the front beams 37b of 
the central reinforcing beam members 37 are shaped 
into a plate form, and the plural holes 50a are provided 
in the connecting beams 50. By these measures, buck- 
ling of each member at the time of collision is controlled, 
40 so that the impact force can be reliably accepted and 
absorbed by the front gable portion 13. 
[0081] When the vehicles 1 1 collide head-on, the im- 
pact force can be reliably absorbed by the front gable 
portion 13 or rear gable portion 14 and the cushioning 
45 members 39, 40, as stated earlier. When the vehicles 
1 1 collide while the vehicle 1 1 is running on a curve, the 
impact force obliquely acts on the front gable portion 13 
or rear gable portion 14 and the cushioning members 
39, 40. According to the vehicle body structure of the 
so present embodiment, even in such an oblique collision, 
the cushioning members 39, 40 can absorb the impact 
force reliably. 

[0082] In detail, as shown in FIG. 1 0, when an impact 
force In a collision is inputted to the front gable portion 
1 3 from a rightward oblique direction, the right side por- 
tions 32b, 45b of the bumpers 32, 45 are pushed and 
buckled, and the reinforcing beam members 35, 37 on 
the right side are buckled and bent. Also, the impact 
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force in the collision is obliquely inputted to the crash 
portion 40d of the cushioning member 40, directly or in- 
directly via the bumpers 32, 45. In this case, the cush- 
ioning member 40 is about to be toppled leftward (to- 
ward the cushioning member 39) by the impact force 
inputted obliquely. However, the crash portion 40d of the 
cushioning member 40 is connected to the crash portion 
39d of the cushioning member 39 by the connecting rod 
41 b, so that a deterrent force works there, inhibiting the 
toppling of the cushioning member 40. Besides, the 
crash portion 40d of the cushioning member 40 is about 
to be bent relative to the body 40b by the impact force 
obliquely inputted to the crash portion 40d. However, the 
reinforcing bracket 40c is interposed between the crash 
portion 40d and the body 40b, and the reinforcing brack- 
et 40c disposed at the base end portion of the crash por- 
tion 40d is mounted to the connecting bracket 41 a to 
form a sturdy structure. A deterrent force acts there, in- 
hibiting the bending of the crash portion 40d. 
[0083] Hence, the cushioning member 40 does not 
topple toward the cushioning member 39, and the crash 
portion 40d does not bend, but properly buckles in the 
longitudinal direction, becoming capable of absorbing 
the impact force in the oblique collision without fail. 
[0084] In the above-described embodiment, the 
straight portions 47a, 48a extending along the vertical 
direction are formed at the lower end portions of the front 
beams 47, 48 as the constituent members constituting 
the front gable portion 13 which serves as the crush 
zone. However, independently of the front gable portion 
13, straight portions may be formed at-the members 
fixed ahead of the front gable portion 13. The straight 
portions 47a, 48a are formed at the total four front 
beams 47, 48. However, the straight portion may be 
formed on at least one front beam. When one straight 
portion is to be formed, it is desirable to provide a beam 
at the center in the lateral direction of the front gable 
portion 13 and form the straight portion at this beam, 
thereby shouldering the collision load as laterally equal 
halves. 

[0085] In the above embodiment, the inner bumper32 
and the outer bumper 45 disposed along the lateral di- 
rection are applied as the constituent members dis- 
posed in a direction nearly perpendicular to the moving 
direction of the vehicle in order to constitute the crush - 
zone, and the holes 32c, 45c are provided as the buck- 
ling strength changing means. However, constituent 
members extending along the vertical direction may be 
provided, and holes may be formed there. Instead of the 
holes 32c, 45c, concave portions, notches, or thin plate & 
portions may be used. 

[0086] In the above embodiment, the bending por- 
tions 35b and the curved front beams 37b are provided, 
in the reinforcing members 35, 37, as the auxiliary mem- 
bers for bending the reinforcing members 35, 37 in a s 
direction apart from the cushioning members 39, 40 
when the Impact force is inputted. However, this struc- 
ture Is not restrictive. 



[0087] In the above embodiment, the reinforcing 
brackets 39c, 40c are provided as the means of rein- 
forcing the vehicle body and the bodies 39b, 40b, and 
the reinforcing brackets 39g, 40g are provided as the 
s reinforcing members for the bodies 39b, 40b and the 
crash portions 39d, 40d. However, those parts may be 
reinforced by partially increasing their plate thicknesses, 
without mounting the separate members thereto. 

io [Second Embodiment] 

[0088] In the present embodiment, as shown in FIG. 
13, a side reinforcing beam member 61 in a horizontal 
posture is disposed at a front end portion of an under- 
w frame 33 in a front gable portion 13, and a front end of 
the side reinforcing beam member 61 is connected to 
an inner bumper 32, while its rear end is connected to 
a transverse beam. An auxiliary member 62 extending 
along a forwardly downward direction is disposed in a 
-o front portion of the side reinforcing beam member 61 . A 
front end of the auxiliary member 62 is bonded to a ver- 
tically inclined central portion 32a of the inner bumper 
32, and a base end of the auxiliary member 62 is bonded 
to a front end lower portion of the side reinforcing beam 
s member 61 . Thus, when an impact force is inputted to 
the side reinforcing beam member 61 via the bumpers 
45, 32 at the time of collision of the vehicles 11 , the side 
reinforcing beam member 61 is bent upward, namely, 
bent away from the cushioning member 39 and de^ 
o formed in this state, since the side reinforcing beam 
member 61 has a lower portion supported by the auxil- 
iary member 62. Thus, it never happens that the side 
reinforcing beam member 61 and the floor board 34 
bend the cushioning member 39 from above. The cush- 
* ioning member 39 is properly buckled in the longitudinal 
direction by the impact force inputted from ahead, and 
can absorb the collision force reliably. 
[0089] Aside from this method, it is permissible, for 
example, to form a notch in the underside of the hori- 
> zontal side reinforcing beam member, or decrease the 
plate thickness of its underside, thereby decreasing its 
rigidity. By so doing, the side reinforcing beam member 
may be made to bend upward. The reinforcing members 
35, 37 are applied as the constituent members of the 
crush zone for providing the auxiliary member. However, 
these members are not limitative, and any members ad- 
jacent to the cushioning members 39, 40 can be applied. 
In any cases, the same actions and effects as described 
earlier can be produced. 

[0090] In the aforementioned embodiment, the cush- 
ioning members 39, 40 are constituted by forming the 
plural openings 39a, 40a in the bodies 39b, 40b of a 
square tubular shape, the base end portions of the cush- 
ioning members are connected to the transverse beam, 
and the crash portions 39d, 40d and protrusions 39e, 
40e are formed at the front end portions of the cushion- 
ing members 39, 40. However, this structure is not lim- 
itative. 
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[Third Embodiment] 

[0091] In the present embodiment, as shown in FIG. 
14, a cushioning member 71 having a base end portion 
fixed to a transverse beam (not shown) is constituted 
such that a crash portion 71 d is connected via a con- 
necting member 71 c to a front end portion of a body 71 b 
of a square tubular shape having a plurality of openings 
71a formed therein, and a protrusion 71 e is formed in 
the crash portion 71 d. By providing the connecting 
member 71c, a space can be secured below a floor 
board 34, and other members can be mounted in this 
space. The shape of the body of the cushioning member 
is not restricted to a square tubular shape, but may be 
a cylindrical shape or all-shape in cross section. 
[0092] In the aforementioned embodiment, the rein- 
forcing members and the cushioning members are pro- 
vided below the position of entry of the impact force in 
the crush zone (front gable portion 13), and the reinforc- 
ing members are bent away from the cushioning mem- 
bers, namely upward, at the entry of the impact force. 
However, if the reinforcing members and the cushioning 
members are provided above the position of entry of the 
impact force in the crush zone, an auxiliary member may 
be provided so that the reinforcing members are bent 
away from the cushioning members, namely downward. 
Moreover, the vehicle body structure of the present in- 
vention has been described as being applied to the rub- 
ber-tired new traffic vehicle, but can be applied to gen- 
eral railway vehicles or automobile vehicles. 

[Fourth Embodiment] 

[0093] In the present embodiment, as shown in FIGS. 
15 to 17, left and right cushioning members 81 and 82 
as a pair are disposed in a front end portion of an un- 
dername 33. The respective cushioning members 81 
and 82 are in practically the same configuration, and 
comprise bodies 81b, 82b in a square tubular shape and 
having a plurality of openings 81a, 82a, base end por- 
tions of the bodies 81b, 82b being bolted to a transverse 
beam by reinforcing brackets 81c, 82c, and box-shaped 
crash portions 81 d f 82d attached to the front ends of the 
bodies 81 b, 82b. The cushioning members 61 , 82 have 
the crash portions 81 d, 82d connected together by a 
connecting rod 83. 

[0094] The crash portions 81 d, 82d function as verti- 
cal restraining members for Inhibiting vertical displace- 
ment when they collide with the crash portions of the 
cushioning members of the other party in a collision of 
the vehicles 11 . The crash portion comprises a hollow 
box 84 in which side wall portions 84b are integrally 
formed on the four sides of a bottom 84a, a closure 84c 
is fixed to the front surface, and a plurality of (two in the 
present embodiment) horizontal engagement plates 85 
are fixed at predetermined intervals. A reinforcing brack- 
et 86 fixed to the front end portions of the bodies 81b, 
82b of the cushioning members 81 , 82 is tied to the bot- 



tom 84a of the box 84 of the crash portions 81 d, 82d by 
a plurality of bolts 87. That is, when the crash portions 
81 d, 82d collide with the crash portions 81 d, 82d, the 
closures 84c are deformed, and the engagement plates 
5 84 engage each other, thereby inhibiting vertical dis- 
placement. In this condition, the mounting areas of the 
crash portions 81 d, 82d are not deformed, while the bod- 
ies 81b, 82b buckle in the longitudinal direction and can 
absorb the impact force. 
10 [0095] Thus, the strengths of the cushioning mem- 
bers 81 , 82 and the crash portions 81 d, 82d are set by 
adjusting their plate thicknesses. In this case, the con- 
necting areas of the bodies 81b, 82b and the crash por- 
tions 81 d, 82d are tied by the bolts 87 via the reinforcing 
*s brackets 86 to increase surface rigidity and achieve high 
strength. Out of necessity for inhibiting vertical displace- 
ment in a collision of the crash portions 81 d, 82d with 
the crash portions 81 d, 82d, the plate thickness of the 
engagement plates 85 is set so as to impart high 
20 strength to the engagement plates 85. Further, the plate 
thicknesses are set such that the side wall portion 84b 
of the box 84 is slightly weaker than the engagement 
plate 85, the bodies 81b, 82b of the cushioning mem- 
bers 81 , 82 are weaker so as to buckle, and the closure 
25 84c is the weakest so that the engagement plates 85 
engage properly in the collision of the crash portions 
81 d, 82d. In addition, a predetermined gap S is provided 
between the engagement plate 85 and the closure 84c. 
[0096] The thus configured rubber-tired new traffic ve- 
30 hicle 11 is operated smoothly and safely in an un- 
manned manner by the operation management system. 
However, if control instruments fail, various manual op- 
erations and manipulations by the driver are possible. 
In this case, the travel speed is limited to a low speed. 
3s in the case of such a manual operation or manipulation 
of the vehicle 1 1 by the driver, a collision accident to the 
vehicles 11 may occur owing to an erroneous operation 
orthe like. Thus, as stated above, thefront gable portion 
13 and the rear gable portion 14, which serve as the 
40 crush zones, are formed ahead of and behind the pas- 
senger compartment 12, and the cushioning members 
81 , 82 are mounted below the front gable portion 13 and 
the rear gable portion 14. Furthermore, the vertical dis- 
placement of the cushioning members 81 , 81 is inhibited 
45 so that the cushioning members 81 , 82 are not displaced 
relative to the counterparts, but are buckled longitudi- 
nally and can absorb an impact force properly, when the 
vehicles 11 collide. For this purpose, the crash portions 
81 d, 82d attached to the front end portions of the cush- 
so joning members 81 , 82 are constituted by fixing the plu- 
ral horizontal engagement plates 85 at predetermined 
intervals within the box 84. 

[0097] In detail, when the front gable portion 1 3 (rear 
gable portion 14) Is crushed as the crush zone in a col- 
55 iision of the vehicles 1 1 , the impact force In the collision 
enters the outer bumper 45 from the outer wall of FRP, 
is admitted into the front beams 47, 48 via the straight 
portions 47a, 48a f and is inputted to the crash portions 
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39d, 40d of the cushioning members 39, 40. Under 
these conditions, the central portions 32a, 45a (reinforc- 
ing material 46) of the bumpers 32, 45 are pushed, and 
the opposite side portions 32b, 45b are buckled in the 
longitudinal direction by the plural holes 32c, 45c. Also, 
the side reinforcing beam members 35 are buckled and 
bent into deformation by the plural holes 35c, as are the 
central reinforcing beam members 37 by the front 
beams 37b, and as are the connecting beams 50 by the 
plural holes 50a. Moreover, the cushioning members 81 , 
82 collide with the counterparts to start longitudinal 
buckling. 

[0098] At this time, as shown in FIG. 1 8, the cushion- 
ing members 81, 82 of the vehicle 11 collide with the 
cushioning members 81 , 82 of the other vehicle 1 1 , and 
the engagement plates 85 engage each other, inhibiting 
vertical displacement. That is, when the crash portions 
81 d, 82d of the cushioning members 81 , 82 come into 
a head-on collision with the counterparts, the engage- 
ment plates 85 with high strength push the closures 84c 
with low rigidity by the gaps S to deform them, with the 
result that the engagement plates 85 engage each oth- 
er. This engagement of the engagement plates 85 inhib- 
its vertical displacement of the crash portions 81 d, 82d 
relative to the counterparts. Consequently, the mounting 
areas of the crash portions 81 d, 82d given high strength 
by the reinforcing brackets 86 recede without sloping, 
whereupon the bodies 81b, 82b buckle properly in the 
longitudinal direction and can absorb the impact force 
reliably. 

[Fifth Embodiment] 

[0099] In the above embodiment, the cushioning 
members 81 , 82 are constituted by fixing the crash por- 
tions 81 d, 82d to the front ends of the bodies 81 b, 82b, 
and connecting the crash portions 81 d, 82d by the con- 
necting rod 83. However, this structure is not limitative. 
In the present embodiment, as shown in FIG. 19, the 
crash portion of the cushioning member and the con- 
necting rod are formed integrally. That is, a body 91 a of 
a cushioning member 91 is in a square tubular shape, 
and has a plurality of openings 91b formed therein. A 
base end portion of the cushioning member 91 is fixed 
to a vehicle body (not shown). A connecting rod 92 is in 
a hollow shape in which a crash portion 92a and a con- 
necting portion 92b (present on both sides of the vehicle 
body as a pair) are integrally formed. The back of the 
crash portion 92a is fixed to the front end of the cush- 
ioning member 92 by bolts 93, and two horizontal en- 
gagement plates 94 are fixed at a predetermined dis- 
tance within the crash portion 92a. The connecting rod 
92 is closed with a closure fixed to its front surface, but 
the closure is not shown for deep understanding of the 
interior. 

[01 00] When the connecting rods 92 of the cushioning 
members 91 collide with each other in a collision of the 
vehicles 1 1 , the engagement plates 94 of the crash por- 



tions 92a engage each other. This engagement inhibits 
vertical displacement of the crash portions 92a relative 
to each other. Consequently, the mounting areas of the 
crash portions 92a recede without sloping, whereupon 

5 the body 91 a buckles properly in the longitudinal direc- 
tion and can absorb the impact force reliably. Since the 
crash portion 92a and the connection portion 92b inte- 
grally form the connecting rod 92, moreover, its manu- 
facturing can be facilitated. 

10 [0101] In the above embodiment, the cushioning 
members 81 , 82, 91 are in a square tubular shape, but 
may be in a cylindrical shape. The crash portions 81 d, 
82d, 92a are hollow boxes, but may be plate materials 
with high rigidity. Furthermore, the vertical restraining 

is members are the engagement plates 85, 94, but the 
plates may have depressions and projections, and their 
number is not limited to two. Nor are the numbers of the 
cushioning members 81, 82, 91 restricted to two, but 
their numbers may be one or three or more. 
20 [01 02] In each of the above-described embodiments, 
the vehicle body structure of the present invention has 
been described as being applied to the rubber-tired new 
traffic vehicle, but can be applied to general railway ve- 
hicles or automobile vehicles. 

25 

Industrial Applicability 

[0103] As described above, the vehicle body structure 
according to the present invention achieves increased 

30 safety by reliably absorbing shock, which occurs when 
vehicles collide, without aggravating appearance quaiity 
or air resistance. The vehicle body structure is preferred 
mainly for use in the rubber-tired new traffic vehicle, but 
can be applied to general railway vehicles or automobile 

35 vehicles. 



Claims 

40 1. a vehicle body structure characterized In that a 
crush zone for absorbing an impact force in a colli- 
sion is provided on a front head side of a vehicle 
relative to a passenger compartment, and a straight 
portion extending along a vertical direction is 
45 formed In a front portion of a vertical beam as a con- 
stituent member constituting the crush zone. 



The vehicle body structure of claim, 1 , 
characterized in that a length of the straight por- 
tion is set according to an amount of vertical dis- 
placement during travel of the vehicle. 



so 



55 



The vehicle body structure of claim 1 , 
characterized In that the vertical beam connects 
a roof frame and an underframe, and an Inclined 
portion inclined forwardly is formed in an upper por- 
tion of the vertical beam, while the straight portion 
is formed in a lower portion of the vertical beam.' 
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4. The vehicle body structure of claim 3, 
characterized in that a plurality of the vertical 
beams are provided in a width direction of the vehi- 
cle. 

5 

5. The vehicle body structure of claim 1 , 
characterized in that the straight portion is located 
at a most forward position. 

6. The vehicle body structure of claim 1 , 10 
characterized in that the vertical beam connects 

a roof frame and an underframe, a bumper is con- 
nected to the underframe, and the bumper has a 
central portion protruding forwardly of the vehicle 
and has buckling strength changing means provid- 15 
ed in opposite side portions. 

7. The vehicle body structure of claim 6, 
characterized in that the opposite side portions of 
the bumper are weakened relative to the central 20 
portion by the buckling strength changing means. 



8. 



9. 



The vehicle body structure of claim 7, 
characterized in that the buckling strength chang- 
ing means is holes formed in the bumper. 25 



13. The vehicle body structure of claim 10, 
characterized in that the constituent member is a 
bumper connected to a lower end portion of the ver- 
tical beam, continued from the straight portion, and 
inclined rearward, and the bumper covers at least 
part of the cushioning member. 

14. The vehicle body structure of claim 1 , 
characterized in that a cushioning member locat- 
ed behind the constituent member and adapted to 
buckle by the impact force, thereby relieving the im- 
pact force, is provided on one side in a vertical di- 
rection of the straight portion, and a protrusion for 
secondary collision, which is exposed forward, is 
provided in a front end portion of the cushioning 
member. 

1 5. The vehicle body structure of claim 1 , 
characterized in that a plurality of cushioning 
members for relieving the impact force by being 
buckled by the impact force are arranged side by 
side on right and left sides of the vehicle behind the 
straight portion, and front end portions of the cush- 
ioning members are connected by a connecting 
member. 



The vehicle body structure of claim 7, 
characterized in that a reinforcing member is pro- 
vided in the central portion of the bumper. 



10. The vehicle body structure of claim 1 , 
characterized in that a cushioning member locat- 
ed behind the constituent member and adapted to 
buckle by the impact force, thereby relieving the im- 
pact force, is provided on one side in a vertical di- 
rection of the straight portion, and an auxiliary mem- 
ber is provided for bending the constituent member 
away from the cushioning member when the impact 
force is inputted. 

11. The vehicle body structure of claim 10, 
characterized in that the constituent member in- 
cludes a bumper connected to a lower end portion 
of the vertical beam, and a beam member con- 
structed between the bumper and a vehicle body, 
and a front portion of the beam member is bent to- 
ward the cushioning member to constitute the aux- 
iliary member. 

12. The vehicle body structure of claim 10, 
characterized In that the constituent member in- 
cludes a bumper connected to a lower end portion 
of the vertical beam, a reinforcing member fixed be- 
hind the bumper, and a beam member constructed 
between the bumper and the reinforcing member, ss 
and a front portion of the beam member is curved 
toward the cushioning member to constitute the 
auxiliary member. 



16. The vehicle body structure of claim 15, 
characterized in that the cushioning member in- 
cludes a buckling portion extending forward from a 

30 base end portion attached to a vehicle body, and a 
crash portion attached to a front end portion of the 
buckling portion, reinforcing means is provided in a 
mounting area of the vehicle body and the buckling 
portion, and a reinforcing member is provided in a 
35 connecting area of the buckling portion and the 
crash portion. 

17. The vehicle body structure of claim 1 , 
characterized in that a cushioning member for re- 

40 lievlng the impact force by being buckled by the im- 
pact force is provided behind the straight portion, 
and a vertical restraining member for inhibiting ver- 
tical displacement, relative to a member to be col- 
lided with, in the collision is provided in a front end 
45 portion of the cushioning member. 

18. The vehicle body structure of claim 1 7, 
characterized In that the vertical restraining mem- 
ber is constituted by fixing a plurality of horizontal 

50 engagement plates at predetermined intervals in a 
hollow box attached to the front end portion of the 
cushioning member. 



19. The vehicle body structure of claim 18, 

characterized In that the plurality of engagement 
plates are fixed to a rear surface of the hollow box, 
and predetermined gaps are formed between a 
front surface of the hollow box and the plurality of 
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engagement plates. 

20. The vehicle body structure of any one of claims 1 
to 1 9, characterized in that the vehicle Is consti- 
tuted by mounting a plurality of running wheels to a s 
box-shaped vehicle body having the crush zones 
provided ahead of and behind the passenger com- 
partment, and the vehicle rotationally drives the run- 
ning wheels while being supplied with an electric 
power, whereby the vehicle can travel along dedi- 10 
cated tracks. 
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FIG. 1 
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FIG. 2 
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FIG.10 




24 



EP 1 223 095 A1 




25 



EP 1 223 095 A1 



FIG.12 
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FIG. 13 
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